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THE SfWETy REcORD AT mi TRITIUM SYSTEMS TEST ASSEh IBLY

Don (1. Coffin

Materials Science und Technology Division

Los Alamos National Liiboratory, Los Alamos, New Mexico 87545

INTRODUCHO!U

A mujcr objective of the Tri[ium Systems Test Assembly (TSTA) has been [o develop and

integrwe all the tritium technologies required for on-si[e DT-fuel processing at fusion rcacmrs.

The TSTA has been in opem[ion for nc~rly four ycum, processing a wi[ium invenmry that hus

now grown to over ~ million (l”urks ( 100 gr~ms), Except for the large plmma-chamber

cryo~umps, which m being ins[ullcd for qwriition in lute 1988, till technologies originuily

defined huve been demcmstrwcd during extended periods of continuous tritium op:ration. 1 The

subsystems that comprise the opcratiorml TSTA process loop urc: ii 4-colunm c~ogcnic distilla-

tion system for isotope separation ( 1SS); a massive uranium t.ritide bed assemblage ([JT13) for

off-loop storage; a tritium Ioad-irdload-out stalion (LIO); two multipurpose tritium gas handling

and transfer sys[ems (TPl, TP3); u gaseous impurity injection station for tokamak impurity

simulurion ( IMS); und a complex fuel cleanup system (FCU), bused on hot-metal :hemis[ry and

cryogenic udscwption. These subsystems and fhcir inmrconncctions we shown in Fig. 1,

This work uddrcsscs iI swwnd but equally impmunt objcc[ivc of the TS’~A - dcmons[ruting

[hut [hc l~rge tri[iu:.~ inventories required for tusitm rcuctors cun hc rrm[ineiy hilndlcd, wi[hnu[

r~diu[ion exposure w operuting personnel tind without significant cnvironmcnwi ICICUWS, ‘Ille

[cchniqucs by which l“STA h~s achicvcri low rclcuscs imd Pcr:mnncl exposures include ( I )

high-integrity primury piping systems [h~t cxcludc contact bctwccn tri[ium ~nd orgtini: mwcriuls,

(2) u ~t~(~ndi~ry cmt~inment sys[cm th:lt cncloscs idl pinmry tri[ium piping in iI controllcci

environment. (3) an cfficicnl, ull-purpose lritium w;ls[c-lretilmcnl plunt with 1(X)% ilv..iltibilily,

~nd (4) ulwtiscnsi[ivc, red-time d;:lgnosfics for imticipu[ing wld preventing rclctiscs, ;Ind f(w

dctcc[l~m i~nd hl:utmn {d’ mtium Icuks in J Iow-risk nmic.

lWl).1/\i{Y l)ll’IN[ i SYSTliM



vacuum system ~ that meets TSTA

series with a moving-spiral pump.

requiremeh~ts comprises a two-stage metal-bellows pump in

This system has provided letik-free, rcliilblc gas transtcr and

evacuu[ion functions for’virtually every operation conducted ut TSTA. All vtilves, pumps. and

trimsduccm ci.m be removed and replaced without cutting or welding because they are instullcd

with zero-clmrance coined-gasket fittings. Although a typical TSTA systcm contains hundreds

of fittings, leak integrity is comparable to that of an all welded system; yet serviceability is

exccl!ent because faulty components can be reudily rcplitced. Tuble I lists the types and quan-

tities of [ypica; TSTA piping components, and our experience with (ailures and leakage in 4

years of tritium operations.

TABLE 1
INTEGRITY OF TSTA PRIMARY CONTAIN;VIENT

(45 MON”rIIS EXP1;RlliNCE)

TSTA TYPIC/\[.

TOrA L GLOVE130X

TUBING LENGTI i (METERS) >1OOO -150

NUMBER OF BRAZES/WELDS. >2000 “300

NUMBER OF FITIINGS >2000 -300

BELLOWS-SEALED VALVES > 200 . so

TRANSDUCERS (PRESSURE, Fi.OW) > 100 - 15

BELLOWWSCRO1.L TRANSFER I’[JMPS > 9 -4

LEAKS AND FAILIJRES EXPERIENCED:

[lRAZIiS/W1;l.l~ S~lJ[lI?J(l I

I:l?TINGS (ORIGINA1.-I<EPAlf <I~I>) 2(-)

I:17TIN(;S (RH’EA”I’ l.EAKA(iIl) o

13ELLOWS PUMPS (WOO IIRS) 1

TRANSDUCERS 10*

13E1.LOWS VALVFS (SEAT I. IIAK) 2

BEI.I.OWS VALVES (IIODY 1.EAK) I

13J”I”E(;RA’I’[:D1.EAKA(;F. (A”l”hl M[JS)

* C(),MM()N Nlotll! llf:Sl(; N I:I,AW - 10 [I N’1”1’S

S1:CONI)ARY (’oi’J’l”AINMllNT

‘1’S’I”Apr(wss pipiflj! still~(~iir({~ rc(luirc th.l! CiiCh pnxcss SVSICIN hc cni’hmd III it (Irv

nitrogetl gl(wcbox. ‘I”rilium piping IIIJI ifltcrc’(mm*l.1$process sy\lcmI\ rurl$ in vNcuu Ill 11}:111

L’tmduil, wfhilc tllC :Ilnl(mptlcrrs ()!’ illlt.r~sotltlc~’tctigl~)vdh(~xcs r~’tllilill iw)ldfcd f“r(~tfl L*:Ic”II (J[llc’r

( I:ig. 2), “I”hcglovcb(~xcs :Illd itl(cr(”~~’lllcclitlg conduit ilf’C ;I$wmhlcd from commcrciill $ il(’1111111

hilrdWilf’C L“olllp(NICflll. ‘1’11(1 ~lo\’1’hoX(’5° llor!llilll~ l“olllilill 51;I[IL’ dry I]ifto:(”ll, Lll](j I:;ll’1) [Iox is

purged Ll\Jlolllil[iC’illiv ilp(Ml (tCt(X’lloll ()!’ high OX~gCll ( 27) t~r lrltii]fll ( I !11( ‘L’111’) L’ollL’1*llll’illi (~ll,

2X10 “)



For a typical gloveboa fresh purge gas flows once through to the tritium waste treatment system

at a flow rate of only 2 m~ih. At this small flow rate, id] 12 TSTA gloveboxes can be purged

simultaneously (in parallel) without exceeding the dynamic ctipacity of the waste treatment

system.

TRITIUM WASTE TREATMENT

The TSTA tritium waste treatment system 3 differs from similar systems at many t~ther

installations in that it was designed as a single system to process effluents from all

sources -glove box purging, pass box flushing, service vacuum pump exhausts, as well as the

gaseous impurity streams from the TSTA processes themselves (Fig. 3). If conversion efficiency

falls off, waste gases are automit~ically recycled throubh the catalyst until the tritium concentra-

tion is low enough for stacking. The system also has reserve effluent-gtis storage c~pacity, iind

all critical components have in-line redundancy.

COMPL.ITER-AIDED LEAK TESTING AND DIAGNOSTICS

All triti~m control and containment fcittures discussed previously were incorportiled into

the design of TSTA from the beginning, though many details have been improved as a result of

our early operating experience. One Ilnid technique (computer-assisted diagnostics) is a bonus

resulting from our adoption of computer control and rctnote instrumentation. Computer control

was chosen for operationitl ritther than safety considcrtitions; nevertheless the high degree of leak

lightness ewdenccd by our primtiry pipirig would htive been difficult to uchicvc without this

elegunt diagnostic cupubility.

The feittures of our cornputcr diagnostic system are shown in Figure 4. Every v;ilvc

position itnd itnalog pwztmeter at TSTA is scanned tiutomuticidly every fcw seconds tind rccordcd

on htird disk every minute: both the real-time imd disk-archived data itte continuously tivail;lblc

from graphic tcnninitls in the control center and many remote lociitions. The history of any

number uf TSTA pw-amctcrs can be extritctcd from disk files for my previous period using ii

progrum called GETARC (Get Archive Dtita), tind then plotted in tiny combination using am~thcr

progriim citllcd PI.TAKC (Plot Archive IXtit), This softwiuw h:ls been used rmmy tirncs to

ucccssf’ully diitgnose mitlfJncticms itnd to quickly locittc fiiilcd cornporwnts,

A similtir compu[cr progrurn ~illl~d TREND allows iI user to plot up [~~six p;iriltTl~[~rs

simull;lncously in rcid time during tqwrilti(ms. “Ilis softwurc clpirbility ;IIIOWSus to tr~wk IIIC

“{weXilfllplC, ill Ong wilh the prcssutes irl scvrr;li di!”fcrcr)llritiurn Ctmccnlrilti(m in u glowh)x, .

sccti(ms ()!’piping irl Ihc SilrnCglovchox, \Vhcn il posilivc slcp t“uncti(m 011il specific prcssurr

sensor c’.)incidcs with it sudden s[~ild~ in:rcusc in gloveh)x tritium c(mccr)trilti(m, this pirlpoil)ts

the Icak l(~titiorl to ti i)i~rticultir sccti(m ()!’pipin~ (f:ig, 5), l~xtrcrncly snuill It:iks ~iln then hc

preciwlv It)cti[cd by using iI II(MCct)nrlectcd sniffer prx)bc il[til~*hC(i [() ilr] CXtCrnill tritiun] ii)n



chamber (Fig. 6). 4 In new systems which have not yet been exposed to tritium we can apply this

leak detection technique while using deuterium “spiked” with about 170 tritium as the test gas.

This enables us to locate and repair letiks in a low-risk mode. As integrity of the system im-

proves we can increase the sensiti”iity of the method by increasing the tritium concentration of

the gM. Leaks of any magnitude that develop during tritium operations can be located by this

techn)que without shutting down the operation.

Another example of the use of the TREND software is to monitor tritium content of waste

gas discharged from the tap of a cryogenic distillation column to the TSTA waste treatment

system. This is the standard method for removing helium during normal processing, and the

real-time graphic capability}’ is essential to avoid throwing away excessive tritium. The

parameters plotted in real time are the total flow rate and the concentration of tritium (as IIT) in

the discharge stream. The cpration ctin be continued safely as lotig as the monitored tritium

discharge mm (flow rate times tritium cm~centntion) remains low and relatively constant. A
TREND plot of this operation is presented as Fig. 7.

Figure 8 illustrates how the TREND progmrn is used to monitor the efficiency of the

tritium waste treatment system during operation. The parameters plotted are the tritium con-

centrations ar. the wistc system input and at the output. The ratio of input to output concentration

is the conversion efficiency. If a high concentration CI(tritium is detected in the waste treatment

input lank, steps cm he taken to enhancu conversmt efficiency befc-~ any significtint portion of

the waste gtis is processed.

TAB1.E II
TSTA ‘rru-rluhl U3NTAINMENT REcoREI

(JUNE 1985 IMARCI1 1988)

INVENTORY (MAXIMIJM): > 1 Million Ci

THROUGIiPIJT ~TOTALj: >10 Billion Ci

J{TC \\ ’ASTE PRWESSED: 40 Thousitnd Ci

LOW I.I:VEL WASTE (PAPI:I {): 30 Q fvktcr

(< .02 rn~i;cu M)

S’rACK RELEASIX: 33 Ci

PERSONNIIL liXPOS[ IRE: 150 I’crson-ml{l; hl

(I”WII to I5 I’c(q’tt)

KES(J1.TS

‘1’)wrmulls of (mr cf!t)lls at Irilium ctmlr(~l ill)(i ~.fmtairlmcnl, ilS sumrnilrimi iu ‘l’lll)lc 11,

htivc ken grtitifying, Ikcausc of I!IIJ i:ltcgrily (Jt’the ;wimury piping, scvcrill ‘1’S’[.A ~lov~*t)oxrs”



have gone through many weeks of tritium operations before requiring a purge for high tritium

concentration. Figure 9 is a PLTARC record of the radiation levels in three such gloveboxes

during a recent week-long tritium operation. other glovebox systems have been operated with

small tritium leaks which either have not been located, or upon which repair has been deferred

pending procurement or fabrication of replacement components. Even for these typically leaky

systems, the glovebox tritium concentrations are easily maintained below .20 mCi/m3 (55 ppb) by

a slow purge of 2 m3/h (Fig. 10).

TSTA’S releases to the atmosphere over nearly 4 years of operation have totaled less than

35 Ci (80fZ0as HTO), and the largest monthly release was 3.5 Ci (Fig. 11). Most of this, which is

derived from continuous stack bubbler data, represents the unrecovered portion of the ap-

proximately 40,000 Ci that has been treated by the TSTA waste treatment system. The remain-

der has come from untreated releases during low-level maintenance operations. mostly on the

nonsecondarily conttiined waste treatment systems themselves.

Under current Dept. of Energy regulations 5 a member of the generid public is allowed to

receive 170 mRmt/yr mdiation exposure from all sources, natuml and manmade. Cumulative

tritium exposure to the entire TSTA operating staff to date totals less than 180 person- mrern.

Thus it has taken 3 1/2 years for the entire staff of 15 persons, working in a facility that now

processes over one mi!iion Culies of tritium, to accumulate the annual exposure allowed to a

single member of the general public. This amply demonstrates the level of radiation sufety that is

possible in a well-designed tritium f~cility.
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Fig. 1. Operational process systems of the

Tntium Systems Test Assembly (T3TA)
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Fig. 2. Purging and isolation configura-

tion for a typical TSTA glovebox.
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Fig. 3. Sourc~s and flow paths of the

TSTA rntium waste treatment system.
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Fig. 4. Diagnostic features of the TSTA
computer system.
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Fig. 5. Using the computer TREND program to

correlate a tritium leak with a specific

pressure sensor.
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Fig,6. Leak testing inaglwebox, using an

cxtemil t.ritium detector and pump.
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Fig,7. Using the TREND program to monitor
tritium m a gm.eous waste discharge

stream.
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Fig.8. Monitoring efficiency of the
waste treatment process with tf.c
TREND program.
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Fig. 9. Tritium radiation levels in three
nonpurged gloveboxes during a
week of typical tritium operations

(no identifiable leaks).

.-

‘ ------
‘“\

———----~”-’
,,— .

—

-0 50 ~——. ...— ..— .—. —.—— __ -
00 C2 04 06 00 i o

‘kme (hours) ~ id

:NV41A0-681 Ot!GXN M/22 8’” !3 04 31
: “PU+lA1l-60i END: 06/?6 r’ 16 44’4Y
: ‘PU-flAO-~~
J :SS-RAO-0S3



Fig, 10. Tritium radiation levels in three
purged glovcboxcs during a week
of typical tritium operations with

small leaks present.
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Fig. 11. Tritium stack emissions from TSTA:
June 1985 through March 1988.
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